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Y�nØ2(¬§Ý$u~§, ÏdY3~§

eÒ¬�)£E�2(¬. DÚ�rzEâ [1,2] X

�Mrz!\óACrzéY9ÙÜ7Ø·^. D

ÚYÜ7�õ´±�MN�Ä�1���âOr

EÜá� [3,4], Ã{÷v(�á���¦. Ïd, �


¼�rÝÚMÝ�p�#.YÄÜ7, ÷v(�

õU�Nz��¦, �K|��Ñ#.� Pb-Mg-Al

Ü7, Ü7�Ì�Ô�� Mg2Pb, Mg17Al12 Ú Mg,

duÜ7¹k�þ7ámzÜÔ, ÙrÝ���Ì

J, [5].

IS	éYÄ Pb-Mg-Al Ü7�ïÄ��, Ì

�8¥3¹ Pb, Al �yÄÜ7. Cacciamani� [6]

é Mg-Pb Ü7�9åÆ5�?1
ïÄ¶�a3

� [7] ïÄ
9?né Mg-Pb ��Ò�yÄÜ7

|�Ú5U�K�9Dè��téTÜ7�K�,

L²Ün�9?n�ÝÚ�þDè��Ñ�±U

õ Mg-PbÜ7�åÆ5U. �D1� [8,9] ïÄ
y

Ä Mg-Al-Pb Ü7�>zÆÚ@¡1�, uy Mg-

6%Al-5%Pb�4á��Û�Ì�u)3�@¡«.

ÜI=� [10−13] l>fnØ�¡ïÄ
yÄÚ¾

Ä�Ü7¥ØÓNX�>f(�Ú@¡Ån, �

ÑØÓÔ�!��±9¤©«��¤�U?ØÓ,

��yÄÚ¾ÄÜ7u)@¡.  Pb-Mg-Al Ü7

@¡9Ù>fnØ��'ïÄmk��, =kØ

©�ö¤3�K|ïÄ
Dè�� Ce é Pb-Mg-

Al Ü7|��F¡5�K� [14], ïÄL²Dè�

� Ce�¤©�� (�þz©') � 0.4%—1.0%�,

U3�½§ÝþJp Pb-Mg-Al Ü7�F¡5, ¿

�é Pb-Mg-Al Ü7�@¡ÅnÐm�'nØï

Ä. �
¼�Jp Pb-Mg-Al Ü7�@¡5U�k

�å», ÿÐÙA^��, 7L�
)Ù@¡u)

�Ôn��. �©æ^�³²¡ÅÚ2ÂFÝC

q^�é Pb-Mg-Al Ü7�Ì�Ô��(ÜU!¤

�U?ÚÛ���Ý?1O�, l>f(���Ý

é Pb-Mg-Al Ü7@¡Ån?1©ÛÚ?Ø, �«

Ù@¡�Ôn��, ��\mÐ Pb-Mg-Al Ü7@

¡ïÄJø�Æ�â.
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2.1 OOO������{{{

æ^Äu�Ý�¼nØ�²¡Å�³�{ [15],
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l1�5�nÑu, ÀJ2ÂFÝCq (GGA) e

� PBE(Perdew Burke-Ernzerhof)�¼ [16] 5£ã

��'éU. ²¡ÅO������U Mg2Pb

� 440 eV, Mg17Al12 � 340 eV, Mg� 400 eV¶O

�Âñ°Ý Mg2PbÚ Mg � 1.0×10−5 eV·atom−1,

Mg17Al12 � 1.0× 10−4 eV·atom−1
¶BZ «k¥þ�

À� Mg2Pb� 4× 4× 4, Mg17Al12 � 6× 6× 8, Mg

� 9 × 9 × 6¶�f²þÉåØ�u 0.01 eV· nm−1,

>foUgU^ Pulay�Ý·Ü�{ [17]. �O�ó

�^ Dmol3 �¬�¤.

¬N�(ÜU½Â�d�f(Ü)¤¬N¤

º��Uþ½ò¬NÑ¤¥5�f¤Ñ¤�U

þ. (ÜU�$, ¬N�½. (ÜU (Ec) O�æ

^úª [18] �

Ec = 1/n[Etotal − (xEA + yEB)], (1)

ª¥Etotal �¬�O�oUþ, EA, EB � A, B �f

oUþ, x, y�NX AxBy�zÆOþ', n�O�¬

N¥o��fê.

2.2 ¬¬¬NNN(((���������...

Mg2Pb äk�D�(� (Anti-CaF2, cF12),�

m+� Fm3m, ¬�~êµa = 6.836 Å. Pb �f

Óâ: (0, 0, 0), Mg�f©OÓâ: a/4(1, 1, 1)

Ú: 3a/4(1, 1, 1) [19]. Mg17Al12 ´ A12 .� α-

Mn N%á�(�, �m+� I43m, Ù¬�ëê

� a = b = c = 10.54 Å, α = β = γ = 90◦ [20]. ¬�

�.Xã 1 ¤«.

Mg2Pb

Pb

Mg17Al12 Mg

Mg Al

ã 1 Pb-Mg-Al Ü7¥Ì�Ô��¬N(��.

3 O�(J�?Ø

3.1 (((ÜÜÜUUU

� â (1) ª O � Pb-Mg-Al Ü 7 ¥ � | ¤

Ô � � ( Ü U ( J � L 1. d L 1 � �,

Mg17Al12 ( Ü U � O � ( J � © z [21] � O

� ( J Î Ü. � | ¤ Ô � � ( Ü U � � � g

� Ec(Mg17Al12) < Ec(Mg2Pb) < Ec(Mg), `²3 Pb-

Mg-Al Ü 7 ¥, n « | ¤ Ô �  ½ 5 � � ' X

� Mg17Al12 >Mg2Pb>Mg. Mg �  ½ 5 � �,

� Cl− ½ OH− lf�N´u)�A��@¡

»�, Mg2Pbg�.

L 1 Mg,Mg2PbÚ Mg17Al12 �(ÜU

¶¡
Ec/(eV/atom)

�©O�(J ©z

Mg2Pb −2.45

Mg17Al12 −2.68 −2.65
[21]

Mg −1.78

3.2 ¤¤¤���UUU???

Ü7@¡Ï~´��E,�>zÆL§. �

â>fnØ, >fÓâU?�ÌUþ�$�n, =

>fÄkÓâUþ$�U?, ,�2ÓâUþp�

U?. ¤�U?L«>fW¿��pY². ?u¤

�U? ��>fÄk��, �¤�U?�p, >

f�N´��. ØÓÜ7�w�|�(�ØÓ, \

�Ü7��3Ü7¥�Øþ!©Ù, E¤ØÓ|

��¤�U?�3�É, ¦ØÓ«��> �)C

z —– p¤�U?«> C$, $¤�U?«> 

Cp, ?3Ü7�ØÓ«��mïáå> �.

3@¡0��^e, ±p¤�U?«���4, $

¤�U?«��Ò4|¤@¡�>³, l��x

z@¡L§��) [11,13].

MgPb Mg17AlMg
/ eV

ã 2 Mg, Mg2PbÚ Mg17Al12 �¤�U?

�©æ^1�5�n2ÂFÝCq (GGA)

O � � Pb-Mg-Al Ü 7 n « Ì � | ¤ � Mg

�!Mg2Pb ±9 Mg17Al12 �¤�U?�ã 2. d

ã 2 ��, Mg17Al12 ��¤�U?$u Mg �

Ú Mg2Pb �¬â�¤�U?, =§��m���

'X�g� Ef (Mg)> Ef (Mg2Pb)> Ef (Mg17Al12).

lÔn�*��Ýþ5w, �fØ	�>f

´¤�f, Ñl¤� - ).�ÚO, 3õ>f�f

¥, û½>f¤?G��OKkn^µ�´�|
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Ø�N�n¶�´Uþ���n¶n´öA5

K, q¡��õ;��K. Ùgdu���f�

«aÚ(�ØÓ, ±9Ì!gþfê�ØÓ, ��

ØÓNX�¤�U?ØÓ, =Ä���±?��

pU?� �´ØÓ�. ��NX�¤�U?�

p, Ò�N´��	�>f, �Ò�N´�±�

�Ù¦7áu)@¡ [22]
¶ØÓÔ��@¡> 

��§��¤�U?k', =¤�U?�p, @¡

> ��. Mg,Mg2Pb Ú Mg17Al12 �¤�U?�

3Ef (Mg)>Ef (Mg2Pb)>Ef (Mg17Al12) �'X, dd

�Ñ Mg,Mg2PbÚ Mg17Al12 ��>f�J´§Ý

� Mg �N´��>f, Mg2Pb g�, Mg17Al12 �

J¶Mg,Mg2Pb Ú Mg17Al12 �@¡> ��'X

A� Mg17Al12 >Mg2Pb>Mg. Ïd, �Ü7¥Û

Ñ Mg17Al12 �, >fl¤�U?p� Mg �6�

¤�U?$� Mg17Al12 �, @¡> $� Mg ��

�4, @¡> p� Mg17Al12 ��Ò4. Pb-Mg-Al

Ü7�@¡Ò´ Mg ���z�L§, = Mg ��

>f¤� Mg2+ lfM)�L§, ���>f6

��Ò4, 3Ò4u)���A. �Ü7L¡� Mg

�É�@¡~��, @¡> p� Mg17Al12 ��

@¡> $� Mg2Pb �/¤
± Mg17Al12 ��

Ò4, Mg2Pb���4��>³, ¦� Mg2Pb�u

)@¡»�.

3 3.5%NaClM�¥, Mg � Mg17Al12 �g@

¡> ©O� −1.669 V[23] Ú −1.200 V[24], �©

ÏL¢�uy Mg2Pb �g@¡> � −1.511 V,

§ � � m g @ ¡ >   � � ' X � ¤ � U ? n

Ø � Î. Mg17Al12 � � Mg � � g @ ¡ >   �

� 0.469 V, Mg17Al12 �� Mg2Pb��g@¡> 

�� 0.311 V,`² Mg17Al12 � -Mg ��¤�@¡

�>³�>Ä³Epu Mg17Al12 � -Mg2Pb�, Ù

@¡Äå�â ∆G = −nFE, Mg17Al12 � –Mg �

�¤��>³@¡Äå�u Mg17Al12 � –Mg2Pb

�, `² Mg �ku Mg2Pb�u)@¡. Ó�, Pb-

Mg-Al Ü73 3.5%NaClM�¥�@¡¢�L²,

@¡fm©�, Mg �u):¡¿�kí��). �

X@¡�UY, :¡ÅÚ*Ð�ÛÜ@¡, Mg �

Ñy
L�øáy�. d�@¡=£� Mg2Pb �,

Mg2Pb�ÛÜÑy¡�.

3.3 ÛÛÛ���������ÝÝÝ

ã 3 � Mg,Mg2Pb Ú Mg17Al12 �Û���

Ý. lã 3 �±wÑ, 3Û���Ý���/�,

=;�U?ê���/�, d Mg17Al12, Mg2Pb

� Mg, Åì�Uþp�«�£Ä, 3Û���Ý

�������ÿ, §��Uþ©O� 1.632 eV,

2.980 eVÚ 5.193 eV, Mg�Uþ��pu Mg2Pb

Ú Mg17Al12 �Uþ, Ò´` Mg �Ø	>f©Ù

3Uþp�«��VÇ'��. 3Ó��	.^�

e, NX¥ Mg �Ú Mg2Pb�éu Mg17Al12 þ?

uØ½�G�, �N´��>f, =�N´?1

�z���A, �'Ù¦Ô��N´u)@¡.

Mg2Pb

Mg

/
e
le
c
tr
o
n
s/
e
V

Mg17Al12

能量/eV
-10 -8 -6 -4 -2 0 2 4 6 8 10

ã 3 Mg,Pb,Mg2 PbÚ Mg17Al12 �Û���Ý

4 ( Ø

æ^Äu1�5�n��³²¡Å�{XÚ

/O�
 Pb-Mg-Al Ü7¥�Ô��(ÜU!¤�

U?ÚÛ���Ý�>f(�ëê, l>f(��

�Ýé Pb-Mg-Al Ü7@¡Ån?1©ÛÚ?Ø,

�Ñ±e(Øµ

1. (ÜUO���, Pb-Mg-AlÜ7¥�Ì�|

¤Ô�½5��'X� Mg17Al12 >Mg2Pb>Mg.

Mg ½5��, �N´u)@¡�A¶Mg2Pb �

½5g�, �N´u)@¡»�.

2. Mg17Al12 � � ¤ � U ? $ u Mg �

Ú Mg2Pb ��¤�U?. @¡fm©�, Mg �

��4, � Mg17Al12 ��Ò4�¤@¡�>³

u)�A. �Ü7L¡� Mg �É�@¡~��,

Mg17Al12 �� Mg2Pb �/¤
± Mg17Al12 ��

Ò4, Mg2Pb���4��>³, ¦� Mg2Pb�u

)@¡»�.

3. Û���ÝL², 3Ó��	.^�e, N

X¥ Mg �Ú Mg2Pb�éu Mg17Al12 þ?uØ

½�G�, N´��>f, =N´?1�z���

A, u)@¡.
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Abstract

The cohesive energies, Fermi energies and local density of states (LDOS) are calculated by the first-principles based onpseu-

dopotential plane wave method in this paper to investigate the physical nature of corrosion of Pb-Mg-Al alloy. The mechanism of

electrochemical corrosion is analyzed according to the calculated electronic structure parameters. The results showthat the stable

phase in Pb-Mg-Al alloy is Mg17Al12 >Mg2Pb>Mg. The Fermi energy (Ef ) values of these phases withEf (Mg)> Ef(Mg2Pb)> Ef

(Mg17Al12) indicate that Mg is most likely to lose electrons while Mg17Al12 is difficult. LDOS result reveals that Mg and Mg2Pb

phases are unstable compared with Mg17Al12 in the same external conditions, they are more likely to loseelectrons and easier to cor-

rod. The difference in Fermi energy between different phases in Pb-Mg-Al alloy forms the electrodynamic force of the electrochemical

corrosion, which leads electrons to flow from the Mg and Mg2Pb phases with higher Fermi energy to Mg17Al12 phase with lower

Fermi energy, further to corrode in Pb-Mg-Al alloy.
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